(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
20 September 2001 (20.09.2001) 




PCT 



iiiniiiiiiiiiiDiiiiHiiiiinN 

(10) International Publication Number 

WO 01/69691 Al 



(51) International Patent Classification 7 : H01L 31/12, 
A61C 19/00, H01L 33/00 

(21) International Application Number: PCT/DK0 1/0017 1 

(22) International Filing Date: 14 March 2001 (14.03.2001) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

PA 2000 00412 14 March 2000 (14.03.2000) DK 

(71) Applicant (for all designated States except US): REIPUR 
TECHNOLOGY A/S [DK/DK]; Gentoftegade 118 - 120, 
DK-2820 Gentofte (DK). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): REIPUR, John 
[DK/DK]; Fabritius Alle* 17, DK-2930 Klampenboig 
(DK). 



(74) Agent: PLOUGMANN, VINGTOFT & PARTNERS 

A/S; Sankt Ann* Plads 11, P.O. Box 3007, DK-1021 
Copenhagen K (DK). 

(81) Designated States (national): AE, AG, AL, AM, AT, AT 
(utility model), AU, AZ, BA, BB, BG, BR, BY, BZ, CA, 
CH, CN. CO, CR, CU, CZ, CZ (utility model), DE, DE 
(utility model), DK, DK (utility model), DM, DZ, EE, EE 
(utility model), ES, FI, FI (utility model), GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI SK, 
SK (utility model), SL, TJ, TM, TR. TT, TZ, UA, UG, US, 
UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU.TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

[Continued on next page] 



= (54) Title: A LIGHT TRANSMITTING DEVICE AND METHODS FOR PRODUCING AND OPERATING THE SAME 






OS (57) Abstract: A light-transmitting device comprises two or more tubular, elongated light guiding or transmitting members (10), 
^ which are arranged co-axial ly within each other. Each light guiding member has opposite light receiving and tight emitting ends 
^ (U, 23). An annular light emitter assembly (13) with a plurality of light emitters (14) is positioned at the light receiving end (1 1) of 

each light guiding member (10) so as to emit light from the light emitters into the light receiving end of the respective light guiding 
^ member. The light receiving ends (U) of the guiding members are flared or trumpet shaped and mutually spaced axiaily so as to 

provide more space for the light emitter assemblies (13). The device may be used as a lamp or torch, for example for dental use, 
Q or for transmitting light signals. In the latter case the light emitting ends may be flared or widened like the light receiving ends so 

as to provide an enlarged contact surface, for example for transferring the light signals to an interface for converting the light into 
^ electrical signals. 
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1 

A light transmitting device and methods for producing and operating the same 

Generally the present invention relates to a light transmitting device, which may, for ex- 
ample, be used for transmission of signals or data or as an illuminating device, such as a 
5 compact, high intensity light emitting device, e.g. for dental use. 

Compact high intensity illuminating or lighting devices are desired in a number of situa- 
tions - not only where little space is available, but also for simple convenience. High light 
intensities are obtainable by using LED's of different types, but a large number of such 
10 elements are required. Consequently, compacting these LED's at the same time as re- 
ceiving the light emitted thereby and transporting this light to e.g. a small working area 
has been attempted in a number of applications. Solutions to this problem are disclosed in 
i.a. WO 99/16136 and WO 97/36552. 

1 5 Even though these implementations solve the problem of transporting the light from the 
LED's to the working area, the production of such apparatus is difficult and labour-inten- 
sive. 

The present invention provides a simpler implementation, which is more easily produced. 

20 

Thus, the present invention provides a light transmitting device comprising a plurality of 
substantially tubular, elongated light guiding or transmitting members arranged within 
each other, each light guiding member having opposite light receiving and light emitting 
ends, and a light emitter assembly including a plurality of light emitters being positioned at 
25 the light receiving end of each light guiding member so as to emit light from the light 
emitters into the light receiving end of the respective light guiding member. 

The tubular light guiding means may, for example, be made separately and subsequently 
be inserted into each other, which means that the inner passage of a light guiding mem- 
30 ber should be dimensioned and shaped so as to be able to receive an adjacent inner light 
guiding member. Alternatively, two or more of the light guiding members may be produced 
by softening and drawing or stretching tubular blanks arranged within each other. In the 
latter case it is possible to produce light guiding means with cross-sectional dimensions 
varying along the length thereof, if desired. When used in the present specification and in 
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the present claims, the term "substantially tubular* should be interpreted to comprise also 
tubular members having one or more axially extending slits or slots. 

The light-receiving end of each light guiding member preferably defines a substantially 
5 annular end surface, which may receive the light from the light emitters. Furthermore, the 
Tight emitters of each assembly are preferably positioned in an annular arrangement with 
a shape corresponding to the shape of the annular end surface of the light guiding mem- 
ber, whereby the total area of such an end surface may be utilised for transferring light 
into the respective guiding member. Furthermore, the light emitters are preferably posi- 

10 tioned opposite to and adjacent to the annular end surface of the light guiding member. 
The light emitters in each assembly may all emit light of the same colour and the emitters 
in the various assemblies may be of different colours or wavelengths or the light emitters 
in one and the same assembly may emit light of different colours. The annular end sur- 
face may have any two-dimensional or three-dimensional shape. Preferably, however, the 

15 annular end surface has a substantially uniform width and is substantially at right angles 
to the adjacent peripheral surface parts. 

The annular end surfaces of the various light guiding members are preferably mutually 
axially spaced in order to provide better room or space for the light emitters. The light 

20 guiding means, which are mutually nested or arranged within each other, may in principle 
be of different cross-sectional shapes and each light guiding member may have substan- 
tially the same cross-sectional shape along at least most of its length. For example, a light 
guiding member having a polygonal outer cross-sectional shape may be received in a cy- 
lindrical passage of an adjacent light guiding member, which means that the outer periph- 

25 eral surface of a light guiding member does not necessarily have to be in abutting en- 
gagement with the adjacent inner peripheral surface of the adjacent surrounding light 
guiding member. However, said plurality of light guiding means are preferably substan- 
tially co-axially arranged, and in the preferred embodiment adjacent inner and outer sur- 
faces of adjacent light guiding members are complementary and in mutual abutting en- 

30 gagement. In order to simplify production of the light-transmitting device, each of the tu- 
bular light guiding members preferably has a substantially circular, annular cross-sectional 
shape, so that the light guiding members may be simple cylindrical tubes. 

In a preferred embodiment of the light-transmitting device according to invention the light- 
35 receiving end of each light guiding member is flaring or widening towards the free end 
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thereof. Thus, the light-receiving end of each light guiding member may have a trumpet- 
like shape. By this measure, the number of light emitters which may be associated with 
each light guiding member, and thereby the light intensity obtainable from each guiding 
member may be increased substantially. 

5 

The light emitters of said plurality of assemblies are preferably positioned along substan- 
tially identical cross-sectional curves, and the light receiving ends of the light guiding 
members may define substantially identical end surfaces forming curves corresponding to 
those of the assemblies. By providing light guiding means and light emitting assemblies 

10 defining the same cross sectional curves, only one type/size/dimension of assemblies is 
required. A curve is a well-defined spatial/metrical interconnected line in two-dimensional 
or three-dimensional space, such as a circle or a sine curve interposed on a circle. When 
all assemblies define at least substantially the same curve, only a single type of assembly 
is required - independently of the number of light emitters in the assembly and independ- 

1 5 ently of the number of assemblies in the light-transmitting device. When identical or at 
least substantially identical curves or end surfaces are defined by the light receiving ends 
of the various light guiding members, the same geometrical and metrical relationship may 
be present between each light emitter and a corresponding part of the light receiving end 
of the light guiding member. As indicated above, the said curve or curves may be of any 

20 type, but is/are preferably a circle. 

Preferably, light does not travel transversely from one light guide member into an adjacent 
guide member. The light intensity at the light-emitting end of the light-transmitting device 
may then be controlled over the light emitting end surfaces of the nested light guiding 

25 members. Depending i.a. on the wall thickness of the light guiding members, different in- 
tensities may be obtained. The light intensity obtained at the light emitting ends may be 
further controlled e.g. by changing the number of light emitters in each assembly and/or 
by changing the light emission thereof. As mentioned above, the annular end surfaces of 
the light receiving ends of the various light guiding members are preferably axially spaced, 

30 such that the light receiving ends of the light guiding members are not necessarily fully 
nested or enclosed in each other. 

A preferred material for the light guiding members is quartz, and the guiding members 
may then be produced with or without flared or widened light receiving ends and a desired 
35 cross-section, such as a circular cross-section, in a drawing process. However, it should 
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be noted that virtually any curve or shape might be used - two-dimensional as well as 
three-dimensional. Depending on the wavelength of the light launched into the light guid- 
ing members, other materials than quartz may be used for the guiding members, such as 
glass, polymers or other plastic materials. 

5 

The light emitters may be virtually any type of light emitter. However, presently, semicon- 
ductor diodes are preferred, such as LED's of any type or laser diodes. 

As mentioned above, the light receiving ends of the light guiding members may be flared 
1 0 or widened towards their free ends so that the annular end surfaces of the light receiving 
ends may be substantially identical or define substantially the same curves even though 
the light guiding members are arranged within each other or mutually nested. In such 
case, the said annular end surfaces may be positioned about substantially the same plane 
at right angles to the longitudinal axis of the light-transmitting device. Preferably, however, 
1 5 the various annular end surfaces and, consequently, the associated light emitter assem- 
blies are positioned at different, mutually spaced positions along the longitudinal axis of 
the nested light guiding members. 

In a preferred embodiment an outer peripheral surface part of the light receiving end of 
20 each light guiding member defines in an axial plane a first acute angle with a longitudinal 
axis of the light transmitting device, and said first acute angle is preferably at least sub- 
stantially the same for all light guiding members. Normally, these outer peripheral surface 
parts are defined by the outermost parts of the light guiding member actually receiving the 
light and transporting it toward the main part of the light guiding member. 

25 

Also, the light emitters of each assembly are preferably adapted and positioned so as to 
emit light in a direction, which in an axial plane defines a second acute angle to the axis of 
the light-transmitting device. Preferably, a direction of highest intensity is directed at said 
second acute angle. Said first and second acute angles are preferably at least substan- 
30 tially identical in order to ensure optimum transfer of light into the light guiding members. 
The difference between the first and second angles may be at most ±10°, preferably at 
most ±5°, such as at most ±3°. This difference in angle will depend highly on e.g. the 
emitting characteristics of the light emitters as well as any distance between light emitting 
elements thereof and the light receiving ends of the light guiding members. The larger the 
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distance and the larger an angle of emission, the smaller the acceptable difference in an- 
gle. 

Preferably the first and second acute angles are in the interval of 0-90°, such as 5-80°, 
5 preferably 15-60°, such as 20-50°, preferably 30-40°. This angle and the wall thickness of 
the individual light guiding member determine the amount of space available to the light 
emitters. 

Preferably, the light emitters of each assembly are positioned along the annular end sur- 
10 face or curve with at least substantially even spacing* This ensures not only an even illu- 
mination of the annular light receiving end surfaces of light guiding members, but also an 
even distribution of heat generated by the light emitters. 

A light emitter assembly may e.g. comprise 2-200 light emitters, such as 10-100 light 
1 5 emitters, such as 20-30 light emitters depending on e.g. the intensity desired. Also, at 
least one light emitter may comprise a light emitting diode or a diode laser, such as in the 
form of a SMD component or as a flip chip component. These very compact elements are 
especially advantageous when a large number of light emitters are to be used. 

20 Especially when a large number of light emitters are used, heat generated by these emit- 
ters may cause a problem. Thus, at least one assembly may further comprise a heat-con- 
ducting element, the light emitters of the assembly being positioned with at least substan- 
tially the same distance to the heat-conducting element. Heat generated by the light 
emitters may then be transported to the heat-conducting element, whereby the heat is ei- 

25 ther dissipated or transferred to another element being able to dissipate the heat. 

The specific type of light emftter and the attachment and electrical interconnection thereof 
may vary greatly. Thus, soldering may be used just as well as electrically conducting 
glues, and any type of light emitter may in principle be used. 

30 

The light-transmitting device according to the invention may further comprise means for 
operating the light emitters of the assemblies. Depending on the nature of the fight emit- 
ters, the intensity of emitted light from the individual light emitter may simply be varied. In 
another embodiment, all light emitters of the light transmitting device are simply operated 



WO 01/69691 



6 



PCT/DK01/00171 



- namely energized and de-energized - at the same time, for example when the light 
transmitting device is used as a torch or lamp. 

.However, it is normally preferred that the operating means are adapted to operate the 
5 light emitters of one assembly separately from the operation of another assembly or one 
type of light emitter separately from other types of light emitters. In this manner, different 
intensities may be provided, or different light emitters having different emission charac- 
teristics may be operated so that also different wavelengths or wavelength "mixes" may 
be emitted. Thus, it may be desired that the operating means are adapted to selectively 
10 operate individual light emitters or groups of light emitters of an assembly. 

Furthermore, at least one of the assemblies may comprise at least two types of light 
emitters, so that for example one type of light emitter is adapted to emit light in a first 
wavelength range, while the other type of light emitter is adapted to emit light in a second, 

1 5 different wavelength range. This combined with the fact that the light from one light emitter 

assembly may be guided solely or at least substantially solely by the pertaining light 
< guiding member provides a number of possibilities of light emission at the light emitting 
ends of the light guiding members. Thus, the various light emitter assemblies of a light 
transmitting device and the associated mutually nested light guiding members may emit 

20 different and/or varying light intensities and/or wavelengths/wavelength "mixes". Thus, a 
great variety of light signals may be generated, which is of great importance when the 
light-transmitting device according to the invention is used as a data-transmitting device. 
In the latter case the light-emitting end of each light guiding member is preferably flaring 
or widening towards the free end thereof so as to provide an increased contact surfaces 

25 at the signal output end of the transmitting device. Also, the light emitting end of the light 
transmitting device is preferably adapted to be connected to a signal conversion device or 
an interface for converting light signals into electrical signals. Thus, the light-conducting 
device according to the invention may be used for generating light signals and for trans- 
mitting the same over great distances. 

30 

As mentioned above, the device according to the invention may also be used as a torch, 
lamp or another illuminating device. In such case it may not be desired to have the above- 
mentioned variation over the area of the light emitting ends of the light guiding members. 
One way of obviating this problem is to either use light guiding members of a type in 
35 which the light is able to travel transversely from one light guiding member to another, 



WO 01/69691 



PCT/DK01/00171 



7 

whereby the light from the individual assemblies will be sufficiently mixed after a certain 
length of travel Another manner of mixing the fight from various guiding members is to 
transfer the light into a single light guiding member, such as by emitting the light from the 
nested light guiding members into a single, common tight guiding member, e.g. via a lens. 
5 Even when the light emitted into the common light guiding member is spatially structured 
like that of the nestedlight guiding members, this spatial structure will be lost along the 
length of the common light guiding member. 

According to a further aspect, the present invention provides a method of producing a light 
10 transmitting device, said method comprising; providing a plurality of elongated, tubular 
light guiding members each having opposite light receiving and light emitting ends, the 
light receiving ends of the light guiding means defining at least substantially identical 
cross sectional curves, positioning the tubular light guiding members substantially con- 
centrically within each other in a nested manner, providing one or more assemblies of 
15 light emitters and positioning the light emitters on each assembly along a curve corre- 
sponding to the cross-sectional shape of the inlet end of a corresponding light guiding 
member, and positioning each assembly in relation to the corresponding light guiding 
member so as to emit light into the light receiving end of the light guiding member. A sub- 
stantially annular end surface may be defined on the light-receiving end of each light 
20 guiding member, and the light emitters of each assembly may be positioned in an annular 
arrangement with a shape corresponding to the shape of the annular end surface of the , 
light guiding member. 

The present invention further provides a method for operating the light transmitting device 
25 described above, said method comprising selectively energizing and de-energizing the 
light emitters of the various light emitter assemblies so as to provide light signals, and 
transmitting such signals from the light receiving to the light emitting ends of the light 
guiding members. Such light signals may, for example, be composed by pulsating light 
signal components provided by at least some of the light emitter assemblies and transmit- 
30 ting such signal components through the respective light guiding member. The light sig- 
nals may, for example, be provided by varying frequency, light intensity, pulse width, 
pulse distance and/or light wavelength. 
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The light signals emitted from the light emitting ends of the light guiding members are 
preferably converted into electrical signals, whereafter they may be processed in known 
data processing devices. 

5 In the following, the invention will be further described with reference to the drawings, 
wherein 

Fig,1 is a side view of a first embodiment of the light-transmitting device according to the 
present invention, 

.10 

Fig. 2 is a longitudinal sectional view of the device shown in Fig.1, 

Fig. 3 is a perspective view of the device shown in Figs. 1 and 2, 

15 Fig. 4 is a perspective view in an enlarged scale of an embodiment of an assembly of light 
emitters forming part of the device shown in Figs. 1-3, 

Figs. 5 and 6 are a side view and a longitudinal sectional view, respectively, of one of the 
light guiding members of the device of Figs. 1-3, shown in a reduced scale, 

20 

Fig. 7 is a detailed view illustrating the mounting of an assembly of light emitters, 

Fig. 8 is a perspective view further illustrating how an assembly of light emitters may be 
mounted on a light guiding member, 

25 

Fig. 9 is a perspective view of a second embodiment of the light-transmitting device ac- 
cording to the invention, part of a cover having been cut away, 

Figs. 1 0 and 1 1 are a front view and a perspective view, respectively, of a third embodi- 
30 ment of the light-transmitting device according to the invention, 

Fig. 1 2 is a side view of a fourth embodiment, 

Figs. 13, 14, and 15 are a front view, a longitudinal sectional view, and a perspective 
35 view, respectively of the embodiment illustrated in Fig. 12, 
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Fig. 16 is a perspective view of a mounting device with an assembly of light emitters, 

Figs. 17 and 18 are side views of a fifth and sixth embodiment of the device according to 
the invention, 

5 

Figs. 19 and 20 illustrate a manner of obtaining a substantially evenly distributed light out- 
put, 

Figs 21, 22, and 23 are a perspective view, an end view, and a longitudinal sectional view, 
10 respectively, of a seventh embodiment of the light transmitting device according to the in- 
vention, and 

Figs. 24 and 25 illustrate how light signals transmitted by means of a transmitting device 
of the type shown in Figs. 21-23 may be converted into electrical signals by means of a 
15 converting device, 

In the drawing, various embodiments of the light-transmitting device according to the in- 
vention are shown. The light-transmitting device comprises two or more tubular, prefera- 
bly cylindrical light guiding members 10 arranged within each other or in nested relation- 

20 ship. Any outer guiding member 10 preferably has an inner diameter slightly smaller than 
the outer diameter of an adjacent inner guide member. The guide members may have any 
desired longitudinal extension varying from a few centimetres to several kilometres. Each 
light guiding member 10 has a flared or trumpet-shaped light-receiving end 11 defining an 
annular end surface 12, which is preferably substantially at right angles to the adjacent 

25 peripheral side surface portions of the guiding member 1 0. 

Even though the inner and outer diameters of the light guiding members 10 are different in 
order to allow these members to be received within each other, the annular end surfaces 
12 are preferably similar or substantially identical, and they are preferably axially spaced 

30 as shown in the drawings. Also, the angle defined between the longitudinal axis and the 
inner and outer peripheral surfaces of the light receiving end 1 1 of the guiding member 10 
is preferably substantially the same for all of the guiding member of the light transmitting 
device. An annular assembly 13 of light emitters 14, such as diodes, is positioned adja- 
cent to the annular end surface 12 of each light guiding member 10 so as to emit light 

35 substantially at right angles to said end surface. Because the dimensions of the annular 
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end surfaces 12 are substantially the same for all of the light guiding members 10 of a 
light-transmitting device, identical or similar light emitter assemblies 13 may be used for 
all of the light guiding members 10. 

5 The individual tubular light guiding members 10 may be made of different materials or 
materials having different reflective indices, or materials having different reflective indices 
may be positioned in spaces or interstices between individual tubes. The use of different 
materials with different reflective indices for adjacent guiding members 10 tends to pre- 
vent or counteract that light transmitted by one guiding member 10 is mixed with light 
10 transmitted by an adjacent guiding member. 

In the embodiment shown in Figs. 1-3 the light-transmitting device comprises five light 
guiding members 10 having annular end surfaces 12 being Similar regarding dimensions 
and arranged axially spaced. Each of these surfaces 12 is provided with an annular as- 
15 sembly 13 or arrangement of light emitters 14. The angle defined between the symmetry 
axis or main axis of light emission from each light emitter or light emitting diode (LED) and 
the longitudinal axis of the light transmitting device is 35°. 

An assembly 13 may comprise any number of light emitters or light emitting elements 14 
20 and may be assembled in any suitable manner. As an example, standard 3mm light emit- 
ting diodes (LED) may be used as illustrated in Fig. 4 t but also SMD mounted elements or 
flip chip elements may be used as illustrated in Fig. 8. As shown in Fig. 7 an annular rec- 
ess 15 may be formed in the free end of the light receiving or inlet end 11 of the guiding 
member 10 for receiving the light emitters 14. 

25 

The individual LED's 14 are interconnected and connected to a power supply 16 and a 
control device 16a, which are diagrammatically illustrated in Fig. 2, and which may, for 
example, be arranged in a housing or cover 17 (Fig. 9) forming part of the device. The 
light emitters are preferably mounted as a self-supporting mounting unit 18. Preferably 
30 this unit comprises a heat-conducting circular or semicircular (in case of a circular light 
receiving end) element along which the individual light emitting elements 14 are posi- 
tioned with at least substantially even spacing. The actual mounting of the light emitters 
14 on the circular or semicircular element may be performed in any suitable manner, such 
as by soldering or gluing (for example by means of electrically conducting glue). 



35 
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In Figs. 5-8 a guiding member 10 and its pertaining assembly 13 are illustrated. As best 
seen in Figs. 7 and 8, the mounting unit with the light emitters is in the form of a pair of 
semi-circular elements 18 exemplified by using two annular elements 16 and 18, which 
are assembled to form a circular assembly, which is maintained in the desired position 
5 within the recess 15 by means of a pair of fastening rings 19 and 20. 

Figs. 9-11 show an embodiment similar to that shown in Figs. 1-5. However, the light re- 
ceiving ends or inlet ends of the light guiding means 10 are surrounded by a housing or 
an outer protective cover 17. Depending on the other elements of the device such protec- 
10 tive cover may render the device able to withstand autodaving. 

Figs. 10 and 11 illustrate a light guiding member 10 in which the light receiving end or inlet 
end 11 of the tubular member 10 has been provided with longitudinally extending slits or 
slots 21 so as to form longitudinally extending projections 22 each being adapted to re- 

15 ceive light emitted from one of the light emitters 14 of the assembly 13. The function of the 
projections 22 is to direct the light from each of the emitters 14 in the longitudinal direction 
of the tubular member 10 toward the opposite light emitting end or outlet end 23 thereof. 
The shape and inclination of the light-receiving end 1 1 of the tubular member 10 should 
correspond to that of the assembly 13, and the number and position of the slits or slots 21 

20 should correspond to the number and position of the individual light emitters 14 of the asr 
sembly 12. It is possible, however, to arrange more than one light emitter 14 so that they 
are associated with and emit light into a single projection 22. 

Figs. 12-15 illustrate an embodiment of the light-transmitting device according to the in- 
25 vention which is rather similar to that of Figs. 1-9. The embodiment shown in Figs. 12-15 
comprises only two tubular light guiding members 10 and two corresponding light emitter 
assemblies 13. These assemblies 13 do not comprise standard LED's, but SMD diodes 
14 which are smaller, so that a large number of diodes may be positioned in an assembly 
having a given diameter. Also in this embodiment the diodes or light emitters 14 are pref- 
30 erably positioned at or on a circular heat-conducting member 1 8 with an even spacing in 
order to remove the heat generated by the diodes in order to avoid overheating of the di- 
odes 14. The heat-conducting members 18 may themselves be able to dissipate this heat, 
or the heat may be further transported to other elements for dissipation. 
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The diode chips 14 may be bonded directly to the light guiding member 10. Thus, the di- 
odes may, for example, be fastened by means of silicone, and electrical contacts to the 
diodes may be provided by arranging contacting pads in the silicone and electrical con- 
ductors though the silicone from the diodes to the contacting pads. In this manner the di- 
5 odes 14 may be attached and a resilient contact may be provided. Contacting of this type 
is disclosed in WO 99/62146. 

The contact pads may e.g. be positioned radially so that one pad of each diode may be 
contacted by an outer electrical conductor and another by an inner electrical conductor. 
1 0 Another manner of attaching the diodes 14 of this embodiment is to bind the diodes di- 
rectly to a frame member in order to obtain self-containing assemblies. 

Fig. 17 illustrates an embodiment similar to that of Figs. 1-6, in which half the light emit- 
ters 14 are of one colour and the other half of a different colour. These differently coloured 
1 5 light emitters 1 4 are arranged alternatingly along the annular end surface 1 2 of the tubular 
light guiding member 10. In this manner an even illumination of the light guiding members 
10 may be obtained by any of the different colours, or by a mixture of the two colours. 

Fig. 18 illustrates another manner of selectively providing and transmitting anyone of se- 
20 veral different colours. In this embodiment, the three assemblies 13 each comprise a plu- 
rality of diodes 14 of a single colour, and the diodes on the three light guiding members 10 
are different, for example red, blue, and yellow, respectively. In this manner, energizing 
the diodes 14 of one assembly 13 will provide light of the pertaining colour. When two or 
three of the assemblies 13 are energized, light with a mixture of the respective colours will 
25 be provided - one colour in each of the pertaining tubular light guiding members 10. 

Figs. 19 and 20 illustrate how a uniform (regarding colour and/or intensity) light output 
may be obtained even when lights of different colours are transmitted through the light 
transmitting device, for example the device shown in Fig. 18, in which light of different 
30 wavelengths (or wavelength ranges) travels along different light guiding members 10. In 
Fig. 18 yellow light is transmitted only by the outermost light guiding member, blue light is 
transmitted only by the intermediate guiding member, and red light is transmitted only by 
the innermost guiding member 10. However, if the light from the light emitting ends 23 of 
the three nested tubular light guiding members 10 is sent into another unitary light guide 



WO 01/69691 



13 



PCT/DK01/00171 



24, for example via a lens 25 as shown, a more uniform light beam is provided, when the 
has passed a suitable length of the light guide 24. 

One example of a use of a device of the type described is dental use, for example for 
5 hardening plastics for dental fillings. At present, such plastic filling materials require blue 
light for hardening. However, as future filling materials may require different light with 
other wavelengths, or the device is to be used e.g. for illumination in the patient's mouth, 
multiple, selectable wavelengths may be desired. 

1 0 Figs. 21-23 illustrate an embodiment of the light-transmitting device according to the in- 
vention, which may be used for the transmission of data in the form of light signals. Such 
signals may be in the form of light pulses of varying frequency, wavelength, and/or light 
intensity for any of the various tubular light guiding members 10. In the embodiment 
shown, the light emitting ends 23 of the members 10 are flared or widened toward their 

1 5 free ends fn a similar manner as the flared light receiving ends 1 1 , and connecting mem- 
bers 26 may be mounted at the free outlet ends or light emitting ends of each light guiding 
member 10. 

Figs. 24 and 25 illustrate how a light-transmitting device as that shown in Fig. 23 may be 
20 used for transmitting electrical data signals. Such electrical signals from a signal source 
(not shown) are transmitted to an input interface 27 in which the electrical signals via the 
diodes of the assemblies 13 are converted into light signals. These light signals are then 
transmitted by the light-transmitting device to an output interface 28, which is connected 
to the connecting members 26 of the co-axial light guiding members 10. In the output in- 
25 terface 28, the light signals may be converted into electrical signals, which may then be 
further processed in a data processing device 29 shown in Fig. 25. The input and output 
interfaces 27 and 28 may be of the type disclosed in Danish patent application No. PA 
2000 00641 filed 14 April 2000. Such interfaces comprise electrical circuits 30 formed on 
co-axial, radially spaced cylindrical surfaces. The diameters of such surfaces with the 
30 electrical circuits may correspond to the diameters of the free outlet ends 23 of the various 
light guiding members 10. 

It should be understood that various changes and modifications of the embodiments de- 
scribed above and shown in the drawings could be made without departing from the 
35 scope of the present invention as defined in the claims. 
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CLAIMS 

1. A light transmitting device comprising: 

a plurality of substantially tubular, elongated light guiding or transmitting members 
5 arranged within each other, each light guiding member having opposite light receiving and 
light emitting ends, and 

a light emitter assembly including a plurality of light emitters being positioned at 
the light receiving end of each light guiding member so as to emit light from the light 
emitters into the light receiving end of the respective light guiding member. 

10 

2. A device according to cfaim 1, wherein the light receiving end of each fight guiding 
member defines a substantially annular end surface. 

3. A device according to claim 2, wherein the light emitters of each assembly are posi- 
15 tioned in an annular arrangement with a shape corresponding to the shape of the annular 

end surface of the light guiding member. 

4. A device according to claim 2 or 3, wherein the light emitters are positioned opposite 
and adjacent to the annular end surface of the light guiding member. 

20 

5. A device according to any of the claims 1-5, wherein said plurality of light guiding 
means is substantially co-axial. 

6. A device according to any of the claims 1-5, wherein adjacent inner and outer surfaces 
25 of adjacent light guiding members are complementary and in mutual abutting engagement 

7. A device according to any of the claims 1-6, wherein each of the light guiding members 
has a substantially circular, annular cross-sectional shape. 

30 8. A device according to any of the claims 1-7, wherein the light receiving end of each 
light guiding member is flaring or widening towards the free end thereof. 

9. A device according to any of the claims 1-8, wherein the light emitters of said plurality 
of assemblies are positioned along substantially identical cross-sectional curves. 

35 
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10. A device according to claim 9, wherein the light receiving ends of the light guiding 
members define substantially identical end surfaces forming curves corresponding to 
those of the assemblies. 

5 1 1 . A device according to any of the claims 8-1 0, wherein an outer peripheral surface of 
the light receiving end of each fight guiding member defines in an axial plane a first acute 
angle with a longitudinal axis of the light transmitting device. 

12. A device according to claim 1 1 , wherein said first acute angle is at least substantially 
1 0 the same for all light guiding members. 

13. A device according to any of the claims 1-12, wherein the light emitters of each as- 
sembly are adapted and positioned so as to emit light in a direction which in an axial 
plane defines a second acute angle to the axis of the light transmitting device. 

15 

14. A device according to claim 13, wherein said first and second acute angles are sub- 
stantially identical so as to deviate at most ±10°, preferably at most ±5° and more pre- 
ferred at most ±3°. 

20 1 5. A device according to any of the claims 11-14, wherein said first and second acute 
angles are in the range of 5-80°, preferably 15-60°, such as 20-50°, and more preferred 
30-40°. 

16. A device according to any of claims 1-1 5, wherein the light emitters of each assembly 
25 are substantially mutually evenly spaced. 

17. A device according to any of claims 1-16, wherein at least one of the assemblies 
comprises 2-200 light emitters, such as 10-100 light emitters, preferably 20-30 light emit- 
ters. 

30 

18. A device according to any of claims 1-17, wherein at least one of the light emitters 
comprises a light emitting diode or a diode laser, such as in the form of a SMD component 
or in the form of a flip chip component 
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19. A device according to any of the claims 1-18, wherein at least one of the assemblies 
further comprises a heat conducting element, the light emitters of the assembly being po- 
sitioned with at least substantially the same distance to the heat conducting element. 

5 20. A device according to any of claims 1 -1 9, further comprising means for operating the 
light emitters of the assemblies. 

21. A device according to claim 20, wherein the operating means are adapted to operate 
the light emitters of one of said assemblies separately from the operation of any other of 

10 the assemblies. 

22. A device according to claim 20 or 21 , wherein the operating means are adapted to 
operate the light emitters of an assembly or groups of such light emitters individually. 

15 23. A device according to any of claims 1-22, wherein at least one of the assemblies 
comprises at least two types of light emitters. 

24. A device according to claim 23, wherein one of said at least two types of light emitters 
is adapted to emit light in a first wavelength range, and wherein another type of said light 

20 emitters is adapted to emit light in a second wavelength range being different from the first 
range. 

25. A device according to any of the claims 1-24, wherein the light emitting end of each 
light guiding member is flaring or widening towards the free end thereof. 

25 

26. A device according to any of the claims 1-25, which is in the form of a lamp, a torch or 
another illuminating device. 

27. A device according to any of the claims 1-25, which is in the form of a data-transmit- 
30 ting device. 

28. A device according to claim 27, wherein the light emitting end is adapted to be con- 
nected to a signal conversion device for converting light signals into electrical signals. 

35 29. A method of producing a light transmitting device, said method comprising: 
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providing a plurality of elongated, tubular light guiding members each having op- 
posite light receiving and light emitting ends, the light receiving ends of the light guiding 
means defining at least substantially identical cross-sectional curves, 

positioning the tubular light guiding members substantially concentrically within 
5 each other in a nested manner, 

providing one or more assemblies of light emitters and positioning the light emit- 
ters on each assembly along a curve corresponding to the cross-sectional shape of the 
inlet end of a corresponding light guiding member, and 

positioning each assembly in relation to the corresponding light guiding member 
10 so as to emit light into the light-receiving end of the light guiding member. 

30. A method according to claim 29, wherein a substantially annular end surface is de- 
fined on the light receiving end of each light guiding member, the light emitters of each 
assembly being positioned in an annular arrangement with a shape corresponding to the 

1 5 shape of the annular end surface of the light guiding member. 

31. A method according to claim 30, wherein the light emitters are positioned opposite 
and adjacent to the annular end surface of the light guiding member. 

20 32. A method according to any of the claims 29-30, wherein the light receiving end of 
each light guiding member is formed so as to flare or widen towards the free end thereof. 

33. A method of operating a data transmitting device according to claim 27, said method 
comprising selectively energizing and de-energizing the light emitters of the various light 

25 emitter assemblies so as to provide light signals, and transmitting such signals from the 
light receiving to the light emitting ends of the light guiding members. 

34. A method according to claim 33, wherein said light signals are composed by pulsating 
light signal components provided by at least some of the light emitter assemblies and 

30 transmitting such signal components through the respective light guiding member. 

35. A method according to claim 33 or 34, wherein the light signals are provided by vary- 
ing frequency, light intensity, pulse width, pulse distance and/or light wavelength. 
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36. A method according to any of the claims 33-35, wherein light signals emitted from the 
light emitting ends of the light guiding members are converted into electrical signals. 

5 
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Fig. 23 
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